Conventional wisdom argues that low-and middle-income countries can use Information and Communication Technologies (ICT) in general, and the Internet and the World-Wide Web in particular, to bridge the income gap with high-income countries. The so-called "digital divide" between the rich and the poor is well documented: inhabitants of rich countries have far greater access to the Internet and other forms of ICT than inhabitants of low-income countries. However, access to technology is only one factor affecting the ability to increase income by using the Web. An equally important factor is the ability to attract traffic to a web site. If the Web is to help economic development, then it is crucial that web sites publicizing investment opportunities, goods, or services attract investors and customers. This paper sets out to determine whether there is a digital divide in web site traffic as well as in access to ICT. The answer, it turns out, is unequivocally "yes", suggesting that the argument that the Web can be used to bridge the income gap between rich and poor countries needs considerable refinement.
I. INTRODUCTION
Conventional wisdom argues that Information and Communication Technologies (ICT) provide important economic opportunities for low-income countries by helping them overcome low educational attainment levels, governmental inefficiencies, environmental degradation, and by assisting small and medium size enterprises [Talero and Gaudette, 1996] . In addition, the export of ICT services can provide low-income countries with an opportunity to diversify their economies, as demonstrated by India and China.
The argument that ICT can be used to help low-income countries overcome many of the challenges that they face and develop economically recently focused on the World-Wide Web and e-commerce [e.g., Heeks and Dumcombe, 2001; UNCTAD, 2003] . Although significant Global Diffusion of the Internet II: National Differences in Web Site Connectivity by K. Abernathy and H. Reichgelt hurdles need to be overcome, the Web is claimed to "level the playing field" and allow developing countries to increase their participation in the global economy. However, many of the analyses of the obstacles that developing countries must overcome to take full advantage of e-commerce opportunities seem to overlook one, rather obvious, fact--an organization that wishes to use the Web to its advantage must ensure that its Web site attracts traffic. Being available on the Web is not enough; the site must be seen to be there. Unfortunately, as we will show in Section V of this paper, web sites in low-income countries have not yet attracted high volumes of traffic. In Section VI, we use our results to conclude that the argument that the Web opens up enormous economic opportunities for low-income countries needs to be significantly refined, and in Section VII we make some preliminary suggestions about what such refinements should look like.
II. REVIEW OF THE LITERATURE
A large number of commentators argue that ICTs offer significant opportunities for economic development.
1. Talero and Gaudette [1996] argue ICTs can help low-income countries overcome many traditional challenges, such as low educational attainment, governmental inefficiencies, and governmental lack of transparency and accountability. One example of the use of ICT to increase governmental efficiency and transparency can be found in Warschauer [2003, p. 173-185] .
Warschauer reports that the state government of Karnataka, India, implemented an automated land record system. As a result, owners of large or small plots of land can obtain records of their properties efficiently, without bribing government officials.
2. Heeks and Duncombe [2001] argue that ICTs can significantly assist small-and medium sized enterprises in developing countries. In general, information infrastructures in low-income countries are poorly designed. Entrepreneurs in such countries often work with inadequate information about supply and demand, the regulatory environment in which they conduct their business, and even their internal business processes. As a result, they often make ill-informed, and potentially wrong, decisions. ICTs can help make relevant information available to those who run businesses in developing countries.
3. Since the main recurrent cost in providing many ICT services is salaries, the provision of ICT services for export provides low-income, low-salary countries with a significant opportunity to diversify their economies [Talero and Gaudette, 1996] [Schware and Hume, 1996] . Many countries, including India and China, seem to demonstrate the validity of this argument. Reichgelt [2000] , however, argues that the opportunities for small developing countries are significantly lower, especially in the higher value-added ICT services, such as software engineering. Reichgelt's argument is based on the observation that higher valued-added ICT services require a critical mass of individuals with skills that are typically acquired after some tertiary education. Since the proportion of the population in tertiary education is small in developing countries (on the order of 5% of the eligible age cohort, compared with 25-50% in high-income countries), the percentage of the population with the required ICT skills is low. While a low percentage still results in large absolute numbers in countries with large populations, the arithmetic works against countries with small populations. Small developing countries are unlikely to have the critical mass of skilled ICT personnel required to offer successfully higher value-added ICT services to the world.
More recently, the argument that ICTs afford developing countries an important opportunity for economic development was applied to the Web and to e-commerce [Townsend, 1999] , [Goldstein and O'Connor, 2000] , [UNDP, 2001] , [UNCTAD, 2001 [UNCTAD, , 2002 , [Sarkar and El Sawy, 2003] . At the same time, it is generally accepted that developing countries face significant obstacles, such as poor and expensive telecommunication services, lack of sufficient number of skilled personnel, and a regulatory environment and managerial practices not conducive to e-commerce.
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The argument that the Web offers significant opportunities for economic development in lowincome countries attracted criticism [Odedra-Straub, 2003 ], [Gurstein, 2003] , [Jennex, 2003] , [Jennex, Amoroso, Olayele, 2003] , [Young and Ridley, 2003 ]. Jennex et al base their criticism on the claim that the successful establishment of e-commerce operations depends on five critical factors, each consisting of a number of related items. The factors include
• people factors (e.g., availability of project management and language skills),
• technical infrastructure (e.g., availability of a reliable telecommunications infrastructure, up-to-date hardware and technical skills relevant to setting up and maintaining web sites), • client interface (e.g., the establishment and maintenance of trust between clients and providers, the ability for the client and provider to communicate in a common language), • business infrastructure and • regulatory environment.
There is debate on how environmental and policy factors influence the adoption of e-commerce, and significant research efforts are underway to address this question [Kraemer et al, 2003] ; but most researchers agree that the factors that Jennex et al list are important for establishing successful e-commerce operations.
While individual small enterprises in low-income countries may be able to attain most of the items included in the Jennex et al list, most enterprises experience difficulty doing so. For example, most low-income countries suffer from lower literacy levels and computer literacy levels than high-income countries. As a result, only a small fraction of their inhabitants possess the skills necessary to access e-commerce sites. Low-income countries typically are short of individuals able to provide technical support, financial and marketing services, or translation services. Therefore, enterprises within developing countries find it difficult to establish and maintain their own e-commerce sites.
Jennex et al also argue that the business infrastructure and regulatory environment are less conducive to e-commerce in low-income countries than in high-and middle-income countries. For example, underdeveloped trade support services, such as finance, insurance, and logistics, do not allow low-income countries to take full advantage of the opportunities that e-commerce offers. UNCTAD [2001] argues that e-commerce is only possible after significant changes in managerial style and that such changes are less likely in developing countries.
If low-income countries are to take advantage of the opportunities offered by e-commerce, the biggest problem to overcome is perhaps the "digital divide"--the glaring discrepancy in the availability of ICTs between the rich and the poor--within countries and between countries. For example, in 1998, the number of fixed and wireless telephone lines was 72.1 per 100 inhabitants in member countries of the Organization for Economic Cooperation and Development (OECD), but only 7.8 per 100 inhabitants in non-OECD countries. Similarly, in October, 2000, the number of Internet hosts per 1,000 inhabitants in OECD countries, was 82, compared to only 0.85 in non-OECD countries [OECD, 2001] .
Many measures of the digital divide between countries focus on quantities such as the number of telephone lines per 100 inhabitants, the number of Internet hosts or Internet users per 10,000 inhabitants, and the number of personal computers in use. Wolcott et al., [2001] present a more sophisticated framework for assessing a country's use of the Internet, which combines six factors:
Global Diffusion of the Internet II: National Differences in Web Site Connectivity by K. Abernathy and H. Reichgelt 4. connectivity infrastructure (extent and robustness of the physical structure of the network), 5. organizational infrastructure (number of Internet Service Providers and their competitive environment), and 6. sophistication of use (the level of innovation in Internet use by leading edge groups in a country). Clear frameworks for measuring e-commerce and the state of the Internet in a country, and a clear understanding of the factors that affect their diffusion are extremely important because they can help policy makers formulate appropriate economic and social policies [Wolcott and Goodman, 2003] .
Originally referring to levels of access to computers, the concept of the digital divide is being rethought [Norris, 2001] , [Servon, 2002] , [Warschauer, 2003] . Some authors argue that defining the digital divide as a difference in access to ICT quite naturally leads to the corollary that the social problems that result from the digital divide can be addressed by providing those on the "wrong side" of the digital divide with computers and Internet access. Both Servon and Warschauer reject this definition as too simplistic. They argue that access to relevant content and language (the overwhelming majority of web material is in English, even though less than one quarter of the world's population is familiar with the language), literacy and access to education, and the presence of supporting social structures are equally important in framing the problem and suggesting potential solutions.
The analyses of the digital divide discussed in this section concentrate almost exclusively on access: to ICTs, to the Internet, and, in particular, to the Web. They seem to downplay the importance of an obvious fact: any organization that wants to use the Web to increase its income must not only be present on the Web, it must also have visitors to its web site. This paper focuses on countries' abilities to attract traffic to web sites administered in that country.
III. RESEARCH QUESTION
While the measures of Internet diffusion and the attempts to refine the concept of a digital divide discussed in the previous section are informative, they tend to concentrate what we shall call "Active Web Participation". They measure how many people in a country (can) access the Web, or suggest public policies and other measures that can increase access, or both. However, the percentage of a country's population with access to the Web or the number of Internet hosts that a country supports is of little relevance to the current discussion. If a country is to use the Web to attract new clients for the goods and services it provides or to increase foreign direct investment, then it needs to make information available and make sure that this information is accessed by potential customers or investors. Although they had sophisticated web sites and the right technical infrastructure in place, many dot.com firms collapsed because they failed to attract customers to their Web sites. We coin the term "Passive Web Participation" 1 for the ability to attract traffic to web sites. Clearly, to use the Web to sell its products and services, or to attract investors, a county must establish good Passive Web Participation.
Although Active Web Participation may seem a good approximation for Passive Web Participation, at least at the country level, counterexamples suggest that a distinction between the two is useful. One example is Antigua and Barbuda. Although an increasing percentage of the GDP of this small island nation in the Caribbean comes from Internet gaming services, the 1 We use the terms "Active" and "Passive" in a grammatical sense and analogous to active voice and passive voice. Thus, Active Web Participation concerns the ability to visit other Web sites; Passive Web Participation concerns the ability of being visited. We do not mean to imply that Passive Web Participation is something that does not need any activity on the part of the person participating passively. Given the importance of Passive Web Participation for economic development, a significant question is whether the digital divide documented by measures of Active Web Participation persists when measures of Passive Web Participation are employed. In other words, are there significant differences in the amount of traffic attracted to web sites hosted in high-and lowincome countries?
IV. METHODOLOGY COUNTRY SAMPLE SELECTION
To answer our question, we selected 18 countries. Apart from pragmatic reasons, which will become clear later on, countries were selected based on population and income. We used income because we are interested in determining whether the same digital divide exists between low-and high-income countries for both Active and Passive Web Participation. Just as absolute measures of Active Web Participation are relatively useless for comparative purposes, absolute measures of Passive Web Participation are of limited value for our purposes. Turning absolute numbers of Active Web Participation into figures more meaningful for inter-country comparisons is straightforward: divide the absolute measures by the population size of a country. Turning absolute measures of Passive Web Participation into useful figures is more difficult. In our sample of countries, we therefore carefully controlled for population. For each high-income country of a given population, our sample included a medium-income country and a low-income country of approximately the same population.
Using data from the Human Development Report prepared by the United Nations Development Program [UNDP, 2001] , we selected six low-income countries (a per capita GDP of less than $1,900), six medium-income countries (per capita GDP of between $3,200 and $6,500) and six high-income countries (per capita GDP of more than $20,000). In each group, we selected two countries with a large population (>59 million), two with a medium population (17.9 to 30.5 million), and two with a small population (<6.1 million). The desire to match countries on population meant that some countries whose IT policies and activities attract interest, such as India and China, were excluded from the sample because there were no medium-or high-income countries with matching population sizes. Table 1 lists the population and the purchasing power adjusted per capita GDP of the 18 countries selected.
The countries selected are geographically well dispersed: six of the 18 countries are in Africa (all but 1 of the poorest); six, in Asia; three, in Europe; and one each, in Oceania, North America and South America.
MEASURING PASSIVE WEB PARTICIPATION
Having selected the countries, we sought to develop a good measure of passive Web participation. We first selected web sites for each country in our sample, and then used the web sites to arrive at a measure of Passive Web Participation for each country.
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To select web sites for each country, we first searched for web sites located in these countries. We typed the name of the country, both in English and in the language of the country in question, into the Google search engine (www.google.com). For example, for Germany, we searched both on "Germany" and "Deutschland"; for Finland we used both "Finland" and "Suomi". We assumed that web sites returned would contain contact information, or information about the person or organization for which the web site was developed, or information about the web site developer. We further assumed that this information would allow us to ascertain the country of origin. We realized that this assumption was not warranted for sites located in the United States. This was one of the pragmatic reasons for excluding the United States from our country selection. The exclusion of the United States meant that we also had to exclude other countries with comparable population, such as Russia.
Of the first 50 search results returned by Google, we eliminated personal Web pages, different Web pages within the same top-level domain, and Web pages that were created and managed in a country other than the country in question. For example, we found a large number of Web sites mentioning "Vietnam" that were created and managed by individuals or organizations in the United States. Many of the web sites that mentioned Benin or the Central African Republic were the work of geography departments elsewhere. At this stage, we did not attempt to classify the sites (e.g., a portal, an e-commerce site, a newspaper). We return to this point in Section VI.
To determine whether a site was administered from somewhere other than the country in question, we used a combination of factors. We assumed that URLs that had the country's national domain name (e.g., .dz for Algeria or .bj for Benin) were managed within the country. However, we could not assume that URLs that did not have the country's national domain name were not managed from within the country. Many web sites managed within one country, especially a smaller, low-income country, are hosted on servers located in another. For example, we found pages for both Benin and the Central African Republic managed by individuals in these countries but hosted by servers in France. We also found that many commercial sites use a .com domain name rather than their country's top-level domain name. In those cases, we looked at the page itself for contact information or an indication of who was responsible for the page. Whenever we eliminated a web site from our list, we added the next search result returned by Google. For most countries we were able to find 50 Web sites hosted in the country or administered by organizations within the country. There were exceptions. For Algeria we found only 44 web sites; for Sudan, 43; for Ethiopia, 34; for Benin, 15; and for the Central African Republic, 14. For all five countries, we tried to find additional web sites, primarily by using alternative search engines, but without success. In all, we examined 800 web sites.
Using the Alexa toolbar (http://info.alexa.org), we analyzed each of the web sites identified in the first step. Alexa collects statistical information about web sites, including the number of links into the site and the date at which the site was first registered, and calculates a traffic rank. Alexa's traffic ranks are based on the number of Alexa toolbar users who visit a site on a given day ("reach") and the number of different URLs requested from a site on a given day by a given user ("pageviews"). A web site's traffic rank indicates how often the web site was visited compared with other web sites Alexa is aware of. The most frequently visited web site is assigned a traffic rank of one; the second most frequently visited, a traffic rank of two; and so on. Though the Alexa data possesses limitations (Section VII), we used the Alexa traffic ranks on May 22 and 23, 2002 to select the 12 most frequently visited sites for each of the 18 countries, for a total of 216 web sites.
As traffic ranks change frequently, we repeated the data collection exercise for the 216 sites on June 10, 2002. Although we found minor changes in the absolute traffic ranks between the first and the second data collection efforts, the ranks of the web sites relative to each other changed little. Based on the second set of data collected, we recorded the ranks and links for the ten most frequently visited sites for each country. Alexa traffic ranks were available only for seven sites in the Central African Republic and nine in Benin.
Having selected a set of web sites, we used the Alexa toolbar to calculate the Passive Web Participation of each country by averaging the Alexa traffic ranks of that country's web sites. We then ranked the countries based on this measure.
To validate our figures further, we repeated the data collection exercise three times: over a twoday period on September 3 and 4, 2002; on November 11 and 12, 2002; and on January 3, 2003. Table 2 gives the average traffic rank for the 18 countries at each data collection point. The final rank for each country was calculated by adding the ranks at the different data collection points and ranking the countries based on this sum. To verify the reliability of the data, we calculated a Spearman rank order correlation between the rank orders of the countries at the different data collection points. The lowest rank order correlation was .946, which is highly significant. We further verified the reliability of our data by repeating the exercise for the individual web sites. Using Alexa traffic ranks, we rank-ordered the web sites for each data collection session and calculated Spearman rank order correlations. The lowest Spearman rank order correlation we obtained was .896, also highly significant. In other words, despite the large fluctuations in actual Alexa traffic ranks, the rank orders for the individual web sites and for the countries that formed part of our study were stable.
Did we exclude web sites using a language not based on the Phoenician script, thereby biasing our results? The Phoenician script is the mother of all European and many Middle Eastern alphabets. The Google search algorithm relies on an analysis of web page content. Although many languages are written in a script other than the Phoenician, the content of pages in these languages is typically coded in the Phoenician alphabet with some instruction to the Web browser to render the Web page in a different script. Of the 40 web sites in countries with an official language using a non-Phoenician script --Sri Lanka, Sudan, Turkey, and Vietnam --we found 16 using a non-Phoenician script (one in Sri Lanka, five in Sudan, five in Turkey and five in Vietnam). We believe that our results were not biased through the exclusion of web sites using a nonPhoenician script.
MEASURING ACTIVE WEB PARTICIPATION
To measure Active Web Participation, we collected data from the International Telecommunications Union (www.itu.int) about Internet use and the number of PCs. Where possible, we cross-tabulated the information obtained from the ITU with that obtained from other sources, such as the Internet Software Consortium (www.isc.org). Although some minor differences were observed, we found the numbers to be in broad agreement. Table 3 summarizes the data we gathered. We ordered the country data by their average traffic rank, our measure of Passive Web Participation. Notice that the top six countries are highincome countries, that the second group of six contains five of the six medium-income countries, and that the bottom group of six contains five of the six low-income countries. Table 4 reports the correlations between the factors on which we gathered data. Factor 9 is the total number of PCs in the population, and factor 10 is the number of PCs per 100 inhabitants. Numbers in italic are significant at p = .01, while numbers in bold are significant at p = .005.
V. RESULTS

VI. DISCUSSION
The results paint an interesting picture. First, strong correlations were found between income, measured in GDP per capita in purchasing power parity, and the indicators of Active Web Participation: the number of Internet users and Internet hosts per 10,000 population and PCs per 100 inhabitants. We also found strong correlations between income and absolute numbers of Internet hosts, Internet users, and PCs. Given that the population of some of the high-income countries included in our study are quite low compared with some of the low-and middle-income countries, we found this result interesting and somewhat surprising.
The raw data show that more Internet hosts are in the high-income countries, no matter what their population, than all other countries in the survey. Moreover, the smallest of our high-income countries, Finland and Singapore, have nearly as many Internet users as Turkey, a country with a Factor 8 is the total number of PCs in the population, and factor 9 is the number of PCs per 100 inhabitants. Numbers in italic are significant at p = .01, whereas numbers in bold are significant at p = .005.
population at least 13 times as large and the richest of our middle-income countries 2 . The data show that population size is correlated only with number of PCs in a country, and very weakly so. We expected to find evidence for the existence of a digital divide in Active Web Participation between high-income and other countries; we did not expect the evidence to be so compelling.
One of the aims of our study was to investigate the importance of Passive Web Participation. Our survey shows an extremely strong correlation between income and Passive Web Participation. Web sites hosted by poor countries do not have high average traffic rankings. The digital divide appears to be just as wide for Passive Web Participation as for Active Web Participation.
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LIMITATIONS
Although we believe that our study shows convincingly that web sites in low-income countries attract significantly less traffic than those in medium-and high-income countries, it is worthwhile to point to some limitations.
1. Alexa itself admits to biases in the data that it collects. For example, the current Alexa toolbar only works with the Internet Explorer browser and the Windows operating system. It therefore underreports traffic to sites that are frequently accessed using other browsers, such as AOL, or to sites that are more likely to be accessed from browsers running under Unix or Linux (as one would expect Linux help sites to be).
2. Alexa reports geographical differences in the rate of adoption of the Alexa toolbar. For example, the rate of adoption in South Korea is higher than in many other parts of the world. A relatively high traffic rank for Korean sites might be a consequence of the higher number of Korean Alexa users. Conversely, a low traffic rank can mean that a web site attracts little traffic, or only that it attracts little traffic from Alexa users. Unfortunately, the Alexa toolbar does not present figures on the number of Alexa users per country; we therefore cannot determine how this factor influenced our data.
3. For statistical reasons, Alexa states that its traffic ranks are less accurate for sites with low numbers of visitors, and it cautions against using rankings of 100,000+. However, our data indicate that the traffic ranks are more reliable than Alexa suggests. We rank-ordered both the countries and the web sites based on their traffic ranks for each of the four data collection periods and found highly significant correlations among these rank-orders.
4. We were not able to determine where visitors to a particular site came from. Were high traffic ranks the result of domestic users visiting sites, or were they the result of users from abroad? There are reasons to believe that in many cases most visitors were domestic visitors. Our data show very strong correlations between different measures for what one might call "technological uptake." As Table 4 shows, correlation between the number of Internet hosts per 10,000 population and both the number of Internet users per 10,000 population and the number of PCs per 100 population is quite high (over 0.9). One explanation may be that Internet hosts in a given country primarily host information for Internet users in that country. The language used in web sites seems to confirm this hypothesis. For example, all of the Finnish web sites in our sample were in Finnish, although most of them allowed the users to switch to Swedish or English. Since Finnish is not widely spoken outside Finland, we infer that the primary audience for these sites was domestic. Similar considerations applied to web sites in other countries in our sample that do not have English as an official language(s).
Further evidence for the proposition that most visitors to web sites are domestic comes from an inspection of the types of sites in our sample. We ignored site type in the selection of our sample. However, when we inspected the sites, we saw that about 80% (~640) of them are probably not intended to attract business or investment. For example, about 40% (~ 320) of the web sites in our sample were newspapers In countries with large numbers of nationals living abroad, e.g., Ethiopia, the Philippines, Sri Lanka, Turkey, and Vietnam, newspapers may view these individuals as a key audience. Even so, we believe that such web sites are aimed at individuals with close ties to the country from which the newspaper's web site is managed. Another 35% (~280) of the web sites did not seem to be directly commercial (e.g., non-commercial portals and entertainment sites, including web sites for television stations).
Only about a quarter of the web sites in our sample (~200) contained commercial intent. About 20 sites offered general information about a country, often including information about investment policies. Government web sites were equally distributed over the country categories: a third were in high-income countries, a third in medium-income countries, and a third in low-income countries. Similarly, about a third were in large countries, a third in mid-size countries and a third in small countries.
The commercial web sites were either company web sites, sites attempting to sell goods and services, or both. About half were in high-income countries, and the other half were distributed about equally between medium and low-income countries. Interestingly, about a quarter of the commercial sites were commercial portals, and all of these were in low-or medium-income countries. Only some of these, such as tourism portals for Algeria and Vietnam, were aimed primarily at foreign audiences.
If domestic users generated most of the traffic measured in our study, what are the reasons? Is this a consequence of the way we selected the web sites? Would we have found different access patterns if we had only selected commercial sites? Are web surfers interested primarily in information provided by domestic web sites and unlikely to visit foreign web sites?
The possibility that web surfers are interested primarily in domestic web sites raises further issues. If web users primarily visit domestic sites, then the high correlation between Active and Passive Web Participation that we observed would be expected. One might argue that although high-income countries have high numbers of Internet users, their traffic would be spread across a high number of Internet hosts, lowering the average traffic rank of individual web sites. However, the data shows the ratio of the number of Internet users to the number of Internet hosts to be considerably higher in high-income countries than in the others. The high number of Internet hosts in high-income countries is more than offset by the vastly larger number of Internet users in these countries.
Another issue that is relevant in this context is a more general one, namely what drives people to visit particular web sites in the first place? Understanding this issue may help organizations develop strategies to increase traffic to their web sites and increase a country's Passive Web Participation. We leave these questions to future research.
VII. CONCLUSION
Our survey strongly suggests that the proposition that low-income countries can use the Internet and the Web to help them develop economically needs critical examination. A sine qua non for using the Web to support e-commerce operations or attract foreign direct investment is that web sites in low-income countries attract traffic. Our data suggests that they do not. Just as the differences between high-income and lower-countries in the use of ICTs, the Internet, and the Web are large, so are the differences in their ability to attract visitors to their web sites.
Although the reasons for the difference in web site traffic in high-, medium-and low-income countries can be debated, the effect is strong. Web sites administered in low-income countries do not attract significant amounts of traffic. If low-income countries are to use the Web to develop economically, they need to devise strategies to attract traffic to their sites. This problem is difficult; many well-funded dot.com start-ups failed miserably to do so. Without such strategies, however, economic development policies based on the assumption that the Web will provide an economic boost are in jeopardy of failure, particularly for low-income countries.
